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The degree of optical spatial coherence—a fundamental property of light that describes the mutual
correlations between fluctuating electromagnetic fields—has proven challenging to control at the
micrometer scale. Here we employ surface plasmon polaritons—evanescent waves excited on both
surfaces of a thin metal film—as a means to entangle the random fluctuations of the incident
electromagnetic fields at the slit locations of a Young’s double-slit interferometer. Strong tunability
of the complex degree of spatial coherence of light is achieved by finely varying the separation
distance between the two slits. Continuous modulation of the degree of spatial coherence with
amplitudes ranging from 0% up to 80% allows us to transform totally incoherent incident light
into highly coherent light, and vice versa. These findings pave the way for alternative methods to
engineer flat optical elements with multi-functional capabilities beyond conventional refractive- and
diffractive-based photonic metasurfaces.
Control of light propagation and interaction with mat-
ter relies upon knowledge of the amplitude and phase of
the electromagnetic fields, as well as their mutual tempo-
ral and spatial correlations, which are described by the
complex degree of coherence1–3. Planar metal and dielec-
tric surfaces with subwavelength features—also known as
metasurfaces4–6—have recently been proposed as a way
to manipulate light by producing abrupt changes in the
local amplitude and phase of the incident electromagnetic
fields7. Typically, the incident fields are highly coherent
and the scattered fields originating from the interaction
of incident light with the nano-structured surfaces are
mutually coherent. Then, optical interference effects pro-
duce desired changes in beam directionality, polarization,
intensity, phase, and spin8,9.
Optical spatial coherence can provide for an alterna-
tive, powerful tool to control the flow of light with vari-
ous degrees of coherence beyond conventional wavefront
shaping methods offered by photonic metasurfaces. In-
deed, from an application standpoint, control of the de-
gree of spatial coherence of light can lead to higher-
resolution speckle-free imaging10,11, ultimate capability
to shape12 and redirect light beams13–15, and enable
novel modulation methods for free-space optical commu-
nications and interconnects16,17. However, full control
of spatial coherence at length scales comparable to the
wavelength of light has proven challenging. Although
it has theoretically been suggested that surface plasmon
polaritons (SPPs)—electromagnetic waves evanescently
bound to metal surfaces—can in principle modulate the
degree of spatial coherence18,19, a very few experimen-
tal studies have shown this effect, reporting only modest
modulation amplitudes20–22.
Here we show, for the first time, extremely large, finely
tunable changes in the amplitude and phase of the com-
plex degree of spatial coherence, controllable at the mi-
crometer scale by simply varying the slit-slit separation
distance, as well as the wavelength and polarization state
of the incident light. For instance, we report how light
incident on a Young’s double-slit can be tuned from com-
pletely incoherent to partially coherent, and vice versa,
with degrees of coherence continuously variable from
∼0% (totally incoherent) to ∼80% (almost fully coher-
ent).
Physical mechanism enabling optical coherence
modulation with surface plasmons. Partially co-
herent light exiting two slits placed at points P1 and P2
in an opaque film can generate interference fringes when
projected onto a far-zone screen, as the result of construc-
tive and destructive interference caused by the difference
in the optical paths from each slit to a specific point on
the screen (Fig. 1A and fig. S1). The fringe contrast,
or visibility, defined as V = (Imax − Imin)/(Imax + Imin),
where Imax and Imin are the maximum and minimum in-
tensities in the interference pattern (Fig. 1A), can be used
to quantitatively describe the complex mutual correlation
function µ(P1, P2) = |µ|eiφ between the electromagnetic
fields at the two different points where the slits are lo-
cated. Indeed, it can be proven that the visibility of the
interference fringes is equal to the amplitude of the de-
gree of spatial coherence, that is |µ| = V23. The phase φ
can be inferred by looking at the interference condition
at the center of the screen, with constructive (destruc-
tive) interference corresponding to φ = 0 (pi). Therefore,
Young’s double-slits can be employed to directly mea-
sure and quantify the changes of the degree of coherence
of incident light at the slit locations, with µ = 0 (or 1)
corresponding to totally incoherent (or coherent) light.
Surface plasmons transform incoherent light
into coherent light and vice versa. In the absence
of SPPs, the degree of coherence of transmitted light
is unaffected after interaction with the slitted screen
(Fig. 1A), resulting in µin = µout. This condition can
be realized by using perfectly opaque screens, or very
large slit-slit separation distances in real metals, or when
light is linearly polarized with the electric field direction
parallel to the long axis of the slits (transverse-electric,
or TE-polarized).
Under TM illumination, SPPs are excited and can in-
troduce additional or eliminate existing correlations be-
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2tween the fields at the two slits, which enables strong
modulation of the degree of spatial coherence provided
that the SPP excitation process is coherent24–26. For ex-
ample, Fig. 1B shows how SPPs can transform partially
coherent light incident onto the slits into fully incoherent
light leaving the slits. This is evidenced by the disap-
pearance of the interference fringes that are replaced by
a broad, featureless intensity distribution on the projec-
tion screen, caused by the incoherent sum of two single-
slit diffraction patterns (Fig. 1B)27.
Totally incoherent light incident upon the double slits
is unable to generate interference fringes in the far field
(Fig. 1C, TE-polarization, no SPPs). However, SPPs ex-
cited at each slit location and propagating toward the
other slit can, under proper conditions, mix the initially
uncorrelated fields and generate partially coherent light
with non-zero degree of coherence at the output of the
double-slit. Thanks to these SPP-induced correlations
introduced by the alternative path that light can take
in the form of propagating SPPs, totally incoherent light
can be transformed into partially coherent light, and as a
result the far-zone fringe visibility is restored (Fig. 1D).
Far-zone interference patterns can therefore be used to
infer the complex degree of spatial coherence and quan-
tify the changes induced by SPPs.
Experiment. Figure 1E shows a schematic of the ex-
perimental setup that was specifically designed to mea-
sure wavelength-resolved, Young’s double-slit interfer-
ence patterns, as a function of slit-slit separation distance
d, and incident polarization. In particular, double-slits
etched in a thin silver film were illuminated by linearly-
polarized broadband light under Ko¨hler illumination28.
The objective of an inverted microscope was purposely
defocused to project the interference pattern onto the en-
trance mask of a spectrograph, which disperses the trans-
mitted light and projects the generated interference pat-
terns onto a two-dimensional imaging camera. Represen-
tative wavelength-resolved interference patterns emerg-
ing from a Young’s double-slit with d = 5 µm, illumi-
nated with partially coherent light with two different po-
larization states (TE, Fig. 1F, and TM, Fig. 1G), clearly
show the dramatic changes in fringe visibility caused by
SPPs. Remarkably, the results reported in the right in-
sets to Fig. 1, F and G, show—now experimentally—
that SPPs can indeed transform incoherent light incident
upon the double-slit into partially coherent light at the
output of the slitted screen (solid lines, λ1 = 581 nm),
as attested by the increased fringe visibility when TM-
polarized light is employed. Vice versa, partially coher-
ent light can be transformed into incoherent light (dashed
lines, λ2 = 712 nm) as evidenced by the suppressed fringe
contrast due to SPP-induced modulation of the mutual
correlation function.
Effects of spatial coherence of incident light.
Several wavelength-resolved interference patterns for the
same Young’s double-slit with d = 5 µm under vary-
ing degrees of spatial coherence of the incident light
are reported in Fig. 2. Under TE-polarized illumina-
tion (no SPPs), the far-zone interference patterns grad-
ually change as a function of incident wavelength λ, at
any given ∆θ (Fig. 2, A to C). Light with longer wave-
length generates interference fringes that are spatially
more spread out compared with shorter wavelengths, as
the result of the longer optical path difference required
to achieve the same phase shift on the projection screen.
The fringe visibility is greatly reduced when light with
lower degree of spatial coherence (that is, higher sub-
tended illumination angle ∆θ) is used. By rotating the
polarization state of the incident light by pi/2 (that is,
from TE to TM), SPPs from both metal/dielectric in-
terfaces can be turned on and strong modulation of the
fringe visibility is observed as the result of additional
beatings between the two SPP modes (Fig. 2, D to F).
Indeed, both amplitude (related to fringe visibility) and
phase (related to either constructive or destructive in-
terference at the screen center) of the degree of spatial
coherence are strongly modulated under TM-polarized
illumination, due to SPP excitation (see Fig. 2, E and
F) that determines a redistribution of the far-zone light
intensity. Both enhancement and suppression of fringe
visibility can be achieved relative to the respective inter-
ference patterns under TE illumination (no SPPs, Fig. 2,
B and C),
Theory of optical coherence modulation with
surface plasmons. An analytical expression for the
output fields that includes SPP contributions can be
written as Ei(λ, d) = τEi,in(λ) + τβEj,in(λ), where
(i, j) = (1, 2) or (2, 1), Ei,in is the incident scalar field
at one slit location, τ is the transmission coefficient
through the slit, λ is the free-space wavelength of light,
β = βte
ikSPP,td+βbe
ikSPP,bd with βt and βb the SPP cou-
pling coefficients at the top (i.e., glass/Ti/Ag) and bot-
tom (i.e., Ag/air) interfaces, and kSPP,t, kSPP,b are the
corresponding SPP complex wavevectors, that account
for SPP absorption due to ohmic losses in the metal27.
Using the definition of cross-spectral density function
Wij(λ) = 〈E∗i (λ)Ej(λ)〉, where the angle brackets indi-
cate ensemble averaging, the degree of spatial coherence
of light exiting the double-slit can be written as18,22:
µout(λ) =
W12(λ)√
W11(λ)W22(λ)
=
=
µin(λ) + 2Re(β) + |β|2µ∗in(λ)√
(1 + |β|2 + 2Re[βµin(λ)])(1 + |β|2 + 2Re[βµ∗in(λ)])
,
(1)
where µin is the complex degree of spatial coherence of
light incident on the double-slit.
Beatings between surface plasmons excited on
both metal/dielectric interfaces. To better quan-
tify and control the modulation of the complex de-
gree of spatial coherence, SPP contributions from both
metal/dielectric interfaces need to be considered and
carefully tailored. These contributions can be extracted
by analyzing the plasmonic interferogram, that is a plot
of the normalized intensity ratio at a given wavelength
3obtained by normalizing the light intensity transmit-
ted through each double-slit with varying separation
distance to the reference intensity transmitted through
the corresponding individual slit27. Figure 3A shows
a representative plasmonic interferogram measured at
λ = 600 nm. Discrete Fourier transform analysis applied
to this data set28,29 clearly shows the different SPP con-
tributions originating from both Ag/air (black arrows)
and glass/Ti/Ag interfaces (red arrows) as distinct in-
tensity peaks in the Fourier power spectrum amplitude
(Fig. 3B). This procedure can be extended to all mea-
sured wavelengths and the resulting data sets are plot-
ted as two-dimensional color maps of plasmonic interfer-
ograms (Fig. 3C) and Fourier transform power spectra
(Fig. 3D), which reveal the energy-momentum dispersion
of SPPs existing on both interfaces. By filtering out the
higher-order SPP contributions (with m > 1), plasmonic
interferograms with only first-order SPP contributions
can be reconstructed (red line in Fig. 3A), and the cor-
responding SPP coupling coefficients βt and βb can be
extracted from fits to the filtered data27.
Strong modulation of spatial coherence. Far-
zone interference patterns as a function of slit-slit sepa-
ration distance can be constructed by scanning all of the
fabricated Young’s double-slit interferometers with vary-
ing separation distances under TE- (Fig. 4, A to C) and
TM-polarized (Fig. 4, D to F) illumination, respectively.
The far-zone interference patterns recorded in the pres-
ence of SPPs show strong modulation in the fringe con-
trast and richer intensity features, with overall increased
number of observable maxima and minima (compare, for
instance, Fig. 4F with Fig. 4C). The amplitude and phase
of the complex degree of spatial coherence at any given
wavelength can be extracted from quantitative inspec-
tion of the interference patterns. The results of such an
exercise are reported in Fig. 4, G to I, and Fig. 4, J to L,
for both TE and TM illumination, at λ = 600 nm. The
fringe visibility recorded under TE-polarized (no SPPs)
illumination with ∆θ = 3◦ gradually decreases as a func-
tion of increasing slit-slit separation distance (green line
in Fig. 4G). Such a change follows the model derived from
the van Cittert–Zernike theorem (black line in Fig. 4G)2.
In contrast, the measured visibility under TM illumina-
tion (with SPPs) is significantly modulated (blue line in
Fig. 4G). It is worth noting that for small separation dis-
tances (d < 5 µm), interference effects caused by beatings
of SPPs supported by both metal/dielectric interfaces are
clearly visible, as evidenced by the non single-periodic
oscillations of the visibility curve. In contrast, for large
separation distances (d > 5 µm), the SPPs propagating
along the glass/Ti/Ag interface are more strongly atten-
uated compared to the SPPs along the Ag/air interface,
and no longer contribute to visibility modulation. Ac-
cording to Eq. (1), under TE illumination µout = µin
since SPPs are not excited (i.e., β = 0) and cannot mod-
ulate fringe visibility. Thus, the experimental visibility
values extracted under TE illumination are a direct mea-
sure of the mutual correlation function of the incident
light at the slit locations. From this, and by using the
SPP coupling coefficients obtained from plasmonic inter-
ferograms as input parameters in Eq. (1), amplitude and
phase of the complex degree of spatial coherence under
TM illumination can be theoretically predicted (red lines
in Fig. 4G and Fig. 4J, respectively). The theoretical
values agree well with the experimental results over the
whole range of visibility, wavelength, and slit-slit separa-
tion distance27.
Discussion. As highlighted in the first inset to
Fig. 4I, by finely varying the slit-slit separation distance
within a range of only∼ λSPP/2 ≈ 240 nm, with λSPP the
average SPP wavelength at λ = 600 nm, the experimen-
tal visibility can be varied from ∼0 (totally incoherent)
to ∼0.8 (almost fully coherent) under TM illumination.
Furthermore, as shown in the second inset to Fig. 4I,
by simply changing the polarization state from TE (no
SPPs, green line) to TM (with SPPs, blue line), fully in-
coherent incident fields can be transformed into highly
correlated (φ = 0) or anti-correlated (φ = pi) fields with
V > 0.4. In addition to strong amplitude modulation
of spatial coherence, SPPs on both interfaces can also be
tuned to finely modulate the phase of the complex degree
of spatial coherence, as shown in Fig. 4, K and L.
In summary we have achieved full control of the com-
plex degree of spatial coherence of light at the microm-
eter scale using surface-plasmon based interferometers.
Strong modulation of the amplitude and phase of the
complex degree of coherence is accomplished by engineer-
ing the beatings between the surface plasmons with dif-
ferent wavevectors generated at the two metal/dielectric
interfaces. These findings can lead to alternative nano-
engineered optical flat surfaces that leverage the degree
of spatial coherence to achieve ultimate control of light
flow, beyond conventional refractive- and diffractive-
based photonic metasurfaces.
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5FIG. 1. Schematics of Young’s double-slit experiment with and without surface plasmon polaritons. Simulated
interference patterns showing modulation of the degree of spatial coherence of incident light induced by SPPs27. Partially
coherent light (A) can be transformed into incoherent light (B), and, vice versa, incoherent light (C) can be transformed
into partially coherent light (D) upon interaction with the slitted screen, when SPPs are excited. Electromagnetic fields with
different degrees of spatial coherence incident on the two slits are schematically indicated with arrows filled with different
fractions of black and white areas. (E) Schematic of the experimental setup designed to record the far-zone interference pattern
from Young’s double-slit to extract visibility as a function of wavelength. (F) Experimental TE (no SPPs) and (G) TM (with
SPPs) wavelength-resolved far-zone interference patterns originating from a Young’s double-slit with slit-slit separation distance
d = 5 µm and subtended illumination angle ∆θ ≈ 6◦. Insets to F, G (right panels): experimental SPP-induced modulation
of interference patterns at two different wavelengths, showing transformation of incoherent light into partially coherent light
(solid lines, λ1 = 581 nm), and vice versa (dashed lines, λ2 = 712 nm), when the polarization state of the incident light is
varied from TE to TM.
6FIG. 2. Effects of surface plasmon polaritons on wavelength-resolved far-zone interference patterns for incident
light with varying degrees of spatial coherence. Interference patterns measured at the output of a Young’s double-slit
interferometer with d = 5 µm as a function of incident wavelength, for three values of Ko¨hler subtended illumination angles,
∆θ ≈ 3◦, 6◦, 10◦, corresponding to decreasing spatial coherence, in the absence (TE-polarization, A–C) and in the presence
(TM-polarization, D–F) of SPPs. Strong modulation of fringe visibility induced by SPPs is clearly visible.
FIG. 3. Evidencing SPP contributions supported by both metal/dielectric interfaces. (A) Plasmonic interferogram
as a function of slit-slit distance measured at λ = 600 nm (black line). Reconstructed filtered data (red line) and theoretical
fits (blue line) are also reported27. The distance between adjacent vertical dashed lines is equal to λSPP,b, that is the SPP
wavelength at the Ag/air interface. (B) Discrete Fourier transform power spectrum calculated from the experimental data in A,
which clearly shows different orders of SPP contributions from both glass/Ti(3 nm)/Ag (red arrows) and Ag/air (black arrows)
interfaces. Inset: schematic of SPPs propagating along both metal/dielectric interfaces and simultaneously affecting the output
intensity and far-zone interference pattern. (C) Wavelength-resolved plasmonic interferograms obtained by normalizing the
transmission spectra through double-slit interferometers by the reference transmission spectra through individual slits. (D)
Energy-resolved power spectra obtained by applying discrete Fourier transform to the data in C. Energy-momentum dispersion
curves evidence the presence of SPPs supported by both Ag/dielectric interfaces (bright bands in D), and are in good agreement
with calculations (gray lines) based on the dielectric functions of materials27.
7FIG. 4. SPP-enabled amplitude and phase modulation of complex degree of spatial coherence. (A–C) TE-
and (D–F) TM-polarized Young’s double-slit far-zone interference patterns measured at λ = 600 nm as a function of slit-slit
distance, and for three different Ko¨hler subtended illumination angles (∆θ ≈ 3◦, 6◦, 10◦), corresponding to decreasing spatial
coherence length (LC = 3.18, 1.47, and 0.93 µm, respectively). (G–I) Experimental visibility curves extracted from far-zone
interference patterns measured under TE- (green lines, no SPPs) and TM-polarized (blue lines, with SPPs) illumination, at
λ = 600 nm, and for different values of ∆θ. The black lines are the theoretical results for TE illumination obtained by fitting
the corresponding experimental data to a sinc function (|sinc(k0d∆θ/2)|) with ∆θ as the only fitting parameter. The red
lines are theoretical predictions of visibility under TM illumination calculated using Eq. (1) and including SPPs from both
metal/dielectric interfaces. Insets in I highlight strong modulation of visibility (and, correspondingly, amplitude of complex
degree of spatial coherence) induced by SPPs. (J–L) Experimental TM (blue lines), theoretical TE (gray lines) and theoretical
TM (red lines) phase values of complex degrees of spatial coherence for various ∆θ. For clarity, the red and blue lines are
slightly shifted in the vertical direction. Discrete data points sporadically missing from blue lines correspond to visibility values
V < 0.088 for which the phase cannot be accurately retrieved.
